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FIELD OF THE INVENTION 

The present invention relates generally to optical 
integrated circuits, and more specifically, to a template and 
method for placing optical dies within an optical integrated 
circuit . 

BACKGROUND OF THE INVENTION 

Microelectromechanical systems (MEMS) are presently in 
development for a variety of applications. MEMS provide three- 
dimensional circuits and mechanical components to a degree of 
miniaturization not possible previously. Of particular interest 
are MEMS micromirrors , which use piezoelectric layers to 
position an array of mirrors to provide optical switching, beam- 
forming and other functions. The individual mirrors may be 
positioned independently, and large arrays of mirrors may be 
incorporated on a single die. 

Large dies such as are used to implement a micromirror 
array are difficult to mount on an integrated circuit substrate. 
Typically, an adhesive such as epoxy is used to bond a die to 
the substrate. However, epoxy and other bonding materials change 
shape during bonding and curing, so that the tilt and position 
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of the die vary during fabrication and may ultimately deviate 
from the desired alignment. The ultimate tilt of the die, as 
well as the ultimate horizontal placement on the substrate 
affect the alignment of the array and thus the performance of 
the circuit in a larger system. 

Smaller dies are more easily fabricated and placed than 
large dies, but the relative placement of multiple dies is not 
controllable with current processes to the degree of accuracy 
required. Since the mirrors in a micromirror array must be 
positioned relative to each other within very close tolerances, 
current processes dictate that the micromirror array be 
fabricated on a single die. Use of smaller dies would be 
desirable, as yields from a smaller die fabrication would be 
greatly improved. 

Therefore, it would be desirable to provide a method and 
apparatus implementing a micromirror array, in which the 
position of the array on the substrate may be precisely 
controlled. It would further be desirable to provide a method 
and apparatus implementing an integrated circuit wherein a 
plurality of dies may be accurately positioned relative to each 
other on a substrate. 
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SUMMARY OF THE INVENTION 

A placement template and method for placing dies provides a 
high accuracy alignment between multiple dies on a substrate. As 
a result, multiple dies may be used to fabricate 
microelectromechanical systems (MEMS) devices that would 
typically require a single die implementation. The template may 
include apertures to receive each of the individual dies, with 
protrusions forming the edges of the apertures to provide 
alignment of the dies during placement. 

The present invention is best understood by reference to 
the following detailed description when read in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A depicts a top view and Figure IB depicts a cross- 
section of a prior art optical integrated circuit; 

Figure 2A depicts a top view and Figure 2B depicts a cross- 
section of a template in accordance with an embodiment of the 
invention; and 

Figure 2A depicts a top view and Figure 2B depicts a cross- 
section of an optical integrated circuit in accordance with an 
embodiment of the invention. 

Common reference numerals are used throughout the drawings 
and detailed description to indicate like elements. 
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DETAILED DESCRIPTION 

Referring now to the figures and in particular to Figure 1A 
and Figure IB, a prior art optical integrated circuit 10 i's 
depicted. Integrated circuit 10 comprises a substrate 18, a die 
14 and an adhesive for bonding die 14 to substrate 18. Die 14 is 
a microelectromechanical system (MEMS) die that implements a 
micromirror array. Approximately 1000 mirrors 16 are fabricated 
on die 14, with positioning circuitry and transducers located 
underneath mirrors 16 that form the surface of die 14. By 
positioning mirrors 16, light may be coupled to other circuits, 
formed into shaped beams or manipulated for other functions 
within an optical or optoelectronic system. 

In order to use optical integrated circuit 10 in a larger 
system, alignment of the mirror array on the surface of die 14 
must be controlled. This is generally accomplished by 
controlling the position and tilt of die 14 on substrate 18. 
But, existing processes for mounting a die on a substrate (that 
are generally the processes developed for electronic circuits in 
which placement is not as critical), produce lower than 
desirable yields due to variation of adhesive 14 thickness and 
adhesive 14 creep during bonding and curing. 

Large die have lower yields in the manufacturing process 
than smaller dies and are more costly to manufacture in general. 
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Larger dies generate more waste than smaller dies since dies are 
fabricated from cylindrical rods, and a single defect may cause 
rejection of an entire die. Larger dies are also more difficult 
to handle and place as described above. Therefore, it is 
desirable to use smaller dies to fabricate a MEMS integrated 
circuit, where possible. 

It is possible to subdivide a structure such as a 
micromirror array, producing performance comparable to that of a 
large die. If the total area of the die is not reduced 
significantly by the subdivision (e.g., the gaps between the 
smaller dies are small) , the efficiency of the array will be 
comparable, as long as alignment between the smaller dies is 
controlled. 

However, subdivision of die 14, complicates the placement 
and adhesive attach problems described above. Since the 
performance of a micromirror array depends on an accurate 
relative positioning of the individual mirror elements, 
subdividing an array requires an even greater placement and 
bonding precision than required with a single large die. 

Referring now to Figure 2A and Figure 2B, a template 20 in 
accordance with an embodiment of the invention is depicted. 
Template 20 is used to control the relative position of multiple 
smaller dies to achieve the placement accuracy required to 
produce an array of smaller dies having equivalent performance 
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to a single large die. Apertures 22, are provided in template 20 
to receive the smaller dies, and the edges 24 of template 20 are 
used to guide the dies during placement. Protrusions 26 around 
the edges of apertures 22, retain and guide the dies, and may be 
formed with tapered ends, so that the dies will self-align 
during placement . 

Template 20 may be fabricated in a variety of ways. 
Photolithographic techniques currenty in use for semiconductor 
manufacture may be used to etch silicon or another material to 
conform to the shapes required. A ceramic material may be molded 
or otherwise adapted to form template 20. Alternatively, a metal 
sheet may be etched or stamped to the required shape. Also, 
template 20 may be deposited epitaxially on a backing substrate. 
All of the above processes are continuously improving and have 
the potential to produce the required accuracy. For example, the 
relative position of the apertures 22 can be controlled to 
within lfim to 2jum to achieve the performance of a single die. 
Edges having a width on the order of 1mm to 2mm with apertures 
25mm on a side provide .1% position accuracy between the smaller 
dies and a reduction in area of between 4% and 8% over a single 
large die occupying the same mounting area. 

Referring now to Figure 3A and Figure 3B, an optical 
integrated circuit 30 in accordance with an embodiment of the 
invention is depicted. Template 20 is bonded to a substrate 18A 
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using a low tilt bonding mechanism, such as a eutectoicl bond 36. 
The eutectoid bond 36 provides a carefully controlled parallel 
relationship between the lower surface of template 20 and 
substrate 18A, which will ensure the alignment accuracy of 
optical integrated circuit 30 within a larger optical system. 
Then, multiple dies 34 are attached to the assembly with an 
adhesive 38, which may be an adhesive film pre-applied to the 
backs of dies 34, an epoxy bond, or other suitable adhesive 
process. Template 20 controls the position of dies 34, so that 
placement of dies 34 is essentially independent of the 
properties of adhesive 38 and so the original placement will be 
maintained throughout the bonding and curing process. 

As dies 34 are placed in apertures 22 within template 20, 
protrusions 26 guide dies 34 into place within apertures 22, so 
that the accuracy of horizontal placement is held to the desired 
.1% relative alignment between dies 34 and tilt is similarly 
controlled. 

Gas flow from behind dies 34 may be provided to improve 
placement accuracy. Vents may be provided by perforations in 
substrate 18A and bond 36 or gaps may be provided in adhesive 
38, so that trapped air or gas may exit the structure as the 
dies are placed within apertures 22. 

Bond 36 is not required if template is fabricated on 
substrate 18A directly. Metal may be sputtered or printed onto a 
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ceramic substrate and etched using a photosensitive etchant 
resist process. Silicon or other suitable material may be 
sputtered or vapor-deposited onto substrate 18A and template 20 
may be etched from the sputtered or deposited layer. 
Alternatively, template 20 may be epitaxially grown on substrate 
18A, once a suitable seed coating is achieved on the surface of 
substrate 18A. 

If template 20 is fabricated separately from substrate 18A, 
a tin-gold, lead-tin, silver-tin or other solder-type layer may 
be added to substrate 18A. Template 20 is then placed atop 
substrate 18A and both are then heated so that a uniform molten 
layer is produced that will cool to a uniform eutectoid bonding 
layer 36. 

This disclosure provides exemplary embodiments of the 
present invention. The scope of the present invention is not 
limited by these exemplary embodiments. Numerous variations, 
whether explicitly provided for by the specification or implied 
by the specification, such as variations in structure, 
dimension, type of material and manufacturing process may be 
implemented by one of skill in the art in view of this 
disclosure . 
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